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and Physics, University of Nebraska, Lincoln, Nebraska 68588-0511’) 
F. Sequeda, T. McDaniel, and H. Do 
IBM Storage Systems Products Division, San Jose, California 95193 
(Received 14 November 1990; accepted for publication 2 January 1991) 
Thin and ultrathin Co/Pt multilayered structures have been prepared on glass substrates by 
electron-beam evaporation at room temperature and by sputtering at various substrate 
temperatures and sputtering pressures. Perpendicular magnetic anisotropy was found in 
samples with Co/Pt bilayer thicknesses near 3 A/l0 A and total thicknesses of the layer 
stack of no greater than 300 A. X-ray diffraction was performed on the samples to determine 
layer spacing and integrity, and possible crystallinity of films. Crystalline structures in 
the interface between the Co and Pt layers were found and identified. The effects of 
sputtering parameters, such as pressure and substrate temperature, on the magneto-optical 
Kerr effect were studied. The two deposition methods, electron-beam evaporation and 
sputtering, resulted in different magneto-optical properties in samples with the same nominal 
layer structures. We have also investigated optical properties (reflectance, index of 
refraction, and extinction coefficient) of these materials using ellipsometry. 
1. INTRODUCTION 
Magneto-optical (MO) systems with compositionally 
modulated films have been the subject of numerous recent 
studies.lA Although some magneto-optical recording me- 
dia using an amorphous rare-earth transition metal alloy 
(e.g., TbFeCo) have recently reached the market place, 
there still exist problems, such as the easy oxidation of the 
rare-earth metal components, in these types of alloys. 
Metal multilayer systems, such as Co/Pd,5,6 Co/Pt,7-9 and 
Co/Ag,” with stable metal constituents, on the other 
hand, have several advantages and show some promise. 
The Co/Pt multilayer which has been studied by several 
groups is one of these new magneto-optical systems.7-9 
Zeper et aL8 and Garcia’ studied both evaporated and sput- 
tered Co/Pt multilayers on glass and Si substrates. The 
film thicknesses of their samples were from 500 A to a few 
thousand Angstroms, which are much thicker than the 
films prepared in the present experiments. 
The magneto-optical Kerr effect (MOKE = Kerr ro- 
tation ok, and ellipticity ek) in Co/Pt multilayer systems is 
more pronounced in the short-wavelength range. This 
characteristic does not correspond with the present wave- 
length range ( > 8000 A) of lasers currently used for read- 
out, but shorter wavelength lasers are under intensive de- 
velopment, and when implemented will allow high 
recording densities which are presently restricted by the 
diffraction limit of the light. 
In this paper, we describe perpendicular magnetic an- 
isotropy (PMA) in terms of the Kerr effect in evaporated 
and sputtered Co/Pt multilayers, and show the MOKE 
dependence on the ratio of the Co-to-Pt layer thicknesses, 
on the total layer stack thickness, on the number of bilay- 
ers, and on sputtering parameters such as Ar gas pressure 
and substrate temperature. X-ray diffractograms are also 
presented, which reveal the rough interfaces in these com- 
positionally modulated films, and the formation of Co-Pt 
compounds at interfaces. 
II. EXPERIMENT 
The Co/Pt multilayers were prepared by electron- 
beam evaporation at room temperature and by sputtering 
at three substrate temperatures (25, 50, and 150 “C) and at 
three sputtering pressures (2.5, 5.0, and 8.5 mtorr). The 
multilayers were deposited onto glass substrates. Structur- 
ally, evaporated samples divided into three groups: E-I, 
E-II, and E-III, and sputtered samples divided into two 
groups: S-I and S-II, as shown in Tables I and II. In the 
first group of evaporated samples, the Co layer thickness 
and total thickness of the multilayer were fixed, and the 
thickness of the Pt layer was varied. In the second group of 
evaporated samples, both the Co and Pt layer thicknesses 
were fixed, and the number of bilayers varied. In the third 
group of evaporated samples, the Pt layer thickness and 
the overall thickness of the multilayer were fixed, but the 
Co layer thickness varied. The first four sputtered samples 
which formed the first group of sputtered samples have the 
same layer structure Co( 3 A)/Pt( 10 A> x23. The differ- 
ences between them are underlayer material, substrate tem- 
perature, and sputtering pressure, as shown in Table II. 
The rest of the sputtered samples formed the second group 
of sputtered samples, having a slightly different layer struc- 
ture [300 A Pt underlayer plus Co(3 A)/Pt( 16 A) x 161 
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TABLE I. Structures and parameters of evaporated samples (See the Note of Table II). 
Group E-I Group E-II 
Sample No. 1 2 3 4 1 2 3 4 
Co/Pt bilayer 3/4 3/6 3/8 
No. of bilayers 43 33 27 
TotaIl thickness 307 301 29-J 
Hc( k.Oe) 1.30 1.59 1.74 
&(degrees) 0.26 0.25 0.20 
3/15 3/10 3/10 3/10 3/10 
17 8 15 38 77 
306 104 195 494 1001 
1.36 1.69 1.80 1.80 3.77 
0.13 0.30 0.25 0.16 0.16 
Group E-III 
Sample No. 1 2 3 4 5 6 I 
Co/Pt bilayer l/10 2/10 3/10 4/10 5/10 6/10 7/10 
No. of bilayers 27 25 23 21 20 19 18 
Total thickness 297 300 299 294 300 304 306 
Hc( kOe) 0.25 1.82 1.88 1.15 0.73 0.58 0.54 
&(degrees) 0.06 0.16 0.21 0.22 0.22 0.24 0.26 
from those in first sputtered-sample group S-I. The sput- 
tering parameters for these samples are also shown in Ta- 
ble II. In this way, optical and magneto-optical character- 
ization of Co/Pt multilayers were systematically studied. 
MOKE (both Kerr rotation ok and ellipticity ek) were 
measured with a rotating analyzer magneto-optical spec- 
trometer discussed in detail elsewhere.” The typical accu- 
racy of the system is =tO.O05” which satisfies most of the 
experimental requirements. The MOKE measurements 
were made over the 3000-8000 A spectral range, in a 
O-*8 kG magnetic field with the light beam at a near 
normal incident angle of about 2 degrees. The MOKE hys- 
teresis loops were measured at a wavelength of 5000 b;. 
Optical measurements were performed on a variable angle 
spect.roscopic ellipsometer over the 3000-8000 8, range at 
incident angles from 60-70”.12 Refractive index n, extinc- 
tion coefficient k, and reflectivity of the films were deter- 
mined from the measured ellipsometric parameters $J and 
A which are related to the Fresnel reflection coefficients 
T, and 7 s by the following equation: 
7/T,= tan($)e’*, 
where 7, and 7, are the p- and s components of the 
incident light beam, respectively. X-ray characterization 
was made with a Rigaku diffractometer, using CUK, radi- 
ation (A = 1.542 A). 
III. RESULTS AND DISCUSSION 
The integrity and periodicity of the sample layered 
structures were revealed by x-ray diffraction. A typical 
low-angle x-ray diffractogram (sample E-111-7, evapo- 
rated) is shown in Fig. 1. The broad peak implies the lack 
of well defined interfaces between the individual layers. 
The position of the peak at 28~ 5” indicates that the bilayer 
thickness, or artificial period, is 17.5 A which is in good 
agreement with the nominal thickness of 17 A. The x-ray 
diffractograms in Figs. 2 and 3 show that for these samples 
the films are partially crystalline. The four diffractograms 
in Fig. 2 are from evaporated samples E-III-l, E-11-2, 
E-111-5, and E-111-7. The structures of these samples can 
be found in Table I. It is clear that the x-ray peak moved 
from 20 = 41.6” for sample E-III-7 to 219 = 40.5” for sam- 
ple E-III- 1. The peak for sample E-III-7 indicates a d spac- 
ing of 2.17 A which is exactly the d spacing of tetragonal 
CoPt ( 101). t3 When the Co layers in the films become thin- 
ner, the d spacing changes to 2.22 .& showing that the alloy 
CoPt transferred to cubic CoPt3 with d( 111) = 2.22 A.13 
Therefore, the interfacial layers in the films are either the 
alloy CoPt for Co-to-Pt layer thickness ratio greater than 
about 7:10, or the alloy CoPt3 for the ratio less than or 
equal to 3:iO. However, the structure of the interfacial 
layers at ratios between 3:lO and 7:lO is unknown. The d 
TABLE’: II. Structures and parameters of sputtered samples. Note: The Co and Pt layer thicknesses are in Angstroms. Hc = coercivity. 6k = Kerr 
rotation at L = 5000 A. Spt. P = Sputtering Pressure. Subst. T = Substrate Temperature. 
Sample No. 
Co/Pt bilayer 
Total thickness 
Underlayer 
Spt. P(mtorr) 
Subst. 1”(C) 
Hc(kOe) 
fMdegr& 
1 
3/10 
none 
2.5 
25 
0.111 
0.289 
Group S-I Group S-II 
2 3 4 1 2 3 4 
3/10 3/10 3/10 3/16 3/16 3/16 3/16 
300 A for all samples 
300 A Pt for rest of the samples 
2.5 8.5 2.5 2.5 5.0 8.5 8.5 
25 25 150 25 25 25 50 
0.180 1.867 0.210 0.313 0.818 1.751 2.111 
0.261 0.193 0.246 0.175 0.143 0.141 0.149 
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4.5 5.0 5.5 6.0 
2 6 in degrees 
FIG. 1. X-ray diffractogram of Co/IV compositionally modulated films of 
sample E-111-7. The peak indicates a layered structure of artificial period 
17.5 A. 
spacing for fee-Pt( 111) is 2.266 A which showed up only 
in diffractograms from sputtered samples with Pt under- 
layers (300 A). Therefore, there are not likely Pt crystals 
in the multilayer regions of films. The two diffractograms 
in Fig. 3 are of sputtered samples S-I-1 and S-I-2. The extra 
peak at about 20 = 39.5” in Fig. 3 is from the underlayer 
platinum. Other x-ray diffraction peaks are visible only in 
the diffractogram of sputtered samples S-11-4, as shown in 
Fig. 4. These peaks were identified as Pt ( 11 1), 
CoPt,(lll), fee-Co(lll), CoPts(200), and Pt(200) as la- 
beled in Fig. 4. Consequently, most of the samples in these 
experiments contained cubic CoPt, with a ( 111) texture 
oriented perpendicular to the films at the interface. The 
moments of Co and Pt are ferromagnetically coupled in 
both CoPt and CoPt3. Magnetic structures and properties 
of both CoPt and CoPts have been studied.‘“16 The mag- 
netic moment is 1.64,~~ for Co and 0.26~~ for Pt in CoPts, 
and 1.6~~ for Co and 0.3~~ for Pt in CoPt, respectively. 
s 
‘2 I 
di 
2 
Y Co(l)/Pt(lO)x27 - 
Co(3)/Pt(lO)xl5 
I 
35.0 38.0 41 .o 44.0 47.0 50.0 
2 8 in degrees 
FIG. 2. X-ray diffractogram of Co/Pt compositionally modulated films of 
sample E-III-I, E-U-2, E-111-5, and E-111-7. The shift of peaks means 
different phase of Co-Pt alloy. 
CoPt 
Pt(ll1: 
-J 
J 
sample with Pt underlayer 
- sample without underlayer 
35.0 38.0 41 .o 44.0 
2 0 in degrees 
I 
47.0 50.0 
FIG. 3. X-ray diffractograms of sputtered samples S-I-l without under- 
layer and S-I-2 with 300-A Pt underlayer. 
Kerr rotations of evaporated samples listed in Table I 
are shown in Figs. 5-7. The Kerr rotation changed system- 
atically with change in layer thicknesses of Co and Pt, as 
shown in these figures. The Co-rich samples in groups E-I 
and E-III, such as samples E-I-l, E-111-6, and E-111-7, 
showed the largest Kerr rotations, but didn’t have perpen- 
dicular magnetic anisotropies (PMA). For the Pt-rich 
sample E-III-l, the Kerr rotation was very small, and there 
was no PMA as well. The samples having large Kerr ro- 
tations and PMA are samples E-II-1 and E-II-2 as shown 
in Figs. 6 and 8. The structures of the two samples are: 
Co(3)/Pt( 10) with 8 bilayers for sample E-II-l and 
Co( 3)/Pt( 10) with 15 bilayers for samples E-11-2. Sample 
group E-II actually shows the effect of the total stack 
thickness of the multilayers. Figure 6 shows that the Kerr 
rotation for samples E-II-1 and E-II-2 which have stack 
thicknesses of 100 and 200 A, respectively are much larger 
than the Kerr rotation for samples E-II-3 and E-II-4 with 
film thicknesses of about 500 and 1000 A (see Table I). It 
can also be seen from Fig. 9 (which shows Kerr rotation 
versus film thickness) that the Kerr rotation changes rap- 
Pt(ll1) 
,:I CoPt,(l 11) 4 fee-Co(1 11) 1 
41 .o 44.0 47.0 50.0 
2 6 in degrees 
FIG. 4. X-ray diffractogram of sputtered sample S-11-4. More structures 
showed up for this sample. 
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0.50 
- Co(3)/Pt(4)x43 
- - Co(3)/Pt(6)x33 
- Co(3)iPt(8)x27 
- - - Co(3)/Pt(l5)x17 
--___._--- 
----_. _--_ 
0.10 
-------_ ---____- 
3000 4000 5000 6000 7000 8000 
Wavelength in Angstroms 
g 0.32 
&, 
4 
5 0.24 
c 
.s 
2 0.16 
2 
5 0.08 
-\ 
,/-+-k ‘3 Y 1 
-I_--- 
0.00 ’ 
3000 4000 5000 6000 7000 8000 
Wavelength in Angstroms 
FIG. 5. Kerr rotations of sample group E-I. 
idly when the films are thin. The results in Fig. 9 were 
selected from samples E-II-l, E-11-2, E-111-3, E-11-3, and 
E-II-4 which have the same Co-to-Pt layer thickness ratio 
Co( 3 A)/FY( 10 A) but different film thickness. The rapid 
change of the Kerr rotation when the films are thin may be 
due to the optical reflection from the glass substrate. On 
the other hand, the Kerr rotation from thick films is more 
intrinsical. In addition, the Kerr rotation of sample E-II-l 
is almost constant over the entire spectral range of 3000- 
8000 A. 
The individual layer effect on the MOKE spectra of 
evaporated Co/Pt multilayer structures is shown in Figs. 7 
and 10 where the Kerr rotation and MO hysteresis loops 
for sample group E-III are summarized (the sample 
E-111:-6 loop is similar to the sample E-III-7 loop and is not 
shown). All samples in group E-III have the same film 
thickness -300 A. The differences between the samples 
are the Co layer thickness and the number of bilayers. The 
more Co in the multilayers, the larger the Kerr rotation, as 
shown in Fig. 5. On the other hand, too much Co causes 
the films to lose PMA. The individual layer effects on the 
MOKE of electron beam evaporated Co/Pt multilayers 
have been studied by other groups’.’ whose samples have 
different layer thicknesses. 
Figure 11 shows the effect of the number of layers of 
PMA. The Kerr rotation loops in the figure were selected 
0.40 
B 0.34 
"M 
-2 
.s 0.28 
- Co(3)/Pt(lO)x8 
- - Co(3)/Pt(lo)xl5 
- Co(3)/Pt(lO)x38 
5 0.16 
\ . 
‘x‘_- 
bi -.x , ‘---Fe- ‘->-< --. T,T -__ .-c-c 
0.10 
3000 4000 5000 6000 7000 8000 
Wavelength in Angstroms 
FIG. 6. Kerr rotations of sample group E-II. 
FIG. 7. Kerr rotations of sample group E-III. 1: E-III-I; 2: E-111-2; 3: 
E-111-3; 4: E-111-4; 5: E-111-5; 6: E-111-6; 7: E-111-7. 
from evaporated sample groups E-I and E-III in such a 
way that the two loops in the same row were measured on 
samples which have the same Co-to-Pt layer thickness ra- 
tio and film thickness, but different numbers of bilayers 
[sample E-I-3 has a slightly different Co-to-Pt ra- 
tio( 1:2.67) from sample E-111-4( 1:2.5)]. The ones on the 
left have more bilayers than the ones on the right. It can be 
clearly seen that Kerr rotation loops on the left are broader 
than those on the right. Other than that, the two in the 
same row have almost the same shape. Therefore, the more 
bilayers, the higher the coercivity. Since the samples with 
more bilayers have more interfaces, or more interactions 
(couplings) between adjacent Co and Pt layers, it can be 
concluded that the magnitude of coercivity is correlated to 
the number and/or volume of Co and Pt layer interfaces, 
or the Co-Pt alloy. This point is also demonstrated in the 
results of evaporated sample group E-II in which sample 
E-II-l with 8 bilayers has a coercivity 1.69 kOe while the 
coercivity of sample E-II-4 with 77 bilayers is as high as 
3.77 kOe. On the other hand, the number of bilayers has 
little effect on the Kerr rotation loop squareness of films. 
Co(3)/Pt(lO)x8 Co(3)/Pt(lO)xl5 
0.4 I o.4- 
’ .- 1 
I t 
-0.4- -0.41 
-8 0 8 -8 0 8 
FIG. 8. MO hysteresis loops for sample group E-II. The x axes are 
magnetic fields in kG; the y axes are Kerr rotations in degrees. 
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0.30 f Co(3)/Pt(lO)x8 
iO.27 
I . Co(3)/Pt(lo)xl5 
u 
Tl 
.E 0.24 
5 'Zi 
50.21 
2 
. Co(?l)/Pt(lO)x23 
.G 0.18 I i% 
Co(3)/Pt(lO)x38 ‘0 -- -~~ Co(3)/Pt(lo)x77 
0.15 
‘ 
100 200 300 400 500 600 700 800 900 1000 
Film Thickness in Angstroms 
FIG. 9. Kerr rotation as a function of film thickness. The results are from 
samples E-II-I, E-11-2, E-111-3, E-113, and E-II-4 at A = 5000 A. 
The present experiments show that sputter deposition 
results in different MO properties of films, and the sputter- 
ing pressure has a greater effect on the MO properties than 
does the substrate temperature. Figures 12 and 13 show 
that the Kerr rotation of sputtered films (sputtered S-I- 1) 
is greater than that of evaporated films (sample E-111-3), 
but the coercivity of sputtered films is much smaller than 
the coercivity of evaporated films (see Tables I and II). 
Since the sputtered and evaporated films in this experiment 
had the same nominal layer structure, the different coer- 
o.4, Co(l)/Pt(lO)x27 o.4, Co(4)Pt(lO)x21 
-0.4; -0.4 ’
-8 0 8 -8 0 8 
0.0 -I- 
-8 0 8 -8 0 8 
-0.41 
FIG. 10. MO hysteresis loops for sample group E-III. The x axes are FIG. 12. The Kerr rotations of evaporated sample E-III-3 and sputtered 
magnetic fields in kG; the y axes are Kerr rotations in degrees. sample S-I- 1. 
-8 0 8 -8 0 8 
Co(3)/Pt(6)x33 Co(5)/Pt(lo)x2o 
0.41. 0.41, o.j J--J=- 0.0. I-=--. 
-0.4' -0.41 
FIG. 11. MO hysteresis loops for selected samples for group E-I and 
E-III. The x axes are magnetic fieIds in kG; they axes are Kerr rotations 
in degrees. 
civities may result from the different size, and/or different 
shape of grains or domains in the films. The sputtering 
pressure effect on the MOKE is shown in Figs. 14 and 15 
where the results are from sputtered samples S-II-l, S-11-2, 
and S-11-3. Although the Kerr rotation increased almost 
0.1 degrees by reducing the sputtering pressure from 5.0 to 
2.5 mtorr, the coercivity of the film decreased from 800 to 
300 Oe. On the other hand, increasing the sputtering pres- 
- e-beam evaporated 
- - sputtered 
20.15 
Sample structure: Co(3)/F%(lO)x23 
0.10 
3000 4000 5000 6000 7000 8000 
Wavelength in Angstroms 
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Sputtered Sputtered 5 
IT 
“:I 
0.0 ii i i I -- 
-0.4L 
I 
-8 0 8 
e-beam evaporated 
Oe4r-1 
i-.- --- --- i ,’ 
0.0 i /’ I’ 
--&-b-.-J 
-0.4 L I 
-8 0 8 
FIG. 13. The MO hysteresis 
loops of evaporated sample 
E-III-3 and sputtered sarn- 
ple S-I-l. The x axes are 
magnetic fields in kG; the y 
axes are Kerr rotations in 
degrees. The structure of the 
samples is Co(3 A)/Pt( 10 
.&di, x23. 
sure from 5.0 to 8.5 mTorr didn’t change the Kerr rota- 
tion, but almost doubled the coercivity (see Table II). In 
general, the higher the sputtering pressure, the lower the 
deposition rate and the less chances that the film is bom- 
barded by Ar ions in the process of deposition. In low- 
sputtering-pressure cases, the reflected Ar ions from tar- 
gets will hit or bombard the film on substrate and thus 
damage the surface of the film because of long mean free 
path. This bombardment of ions can result in small-size 
grains or domains on the surface of the film, and the film 
may show superparamagnetic properties. On the other 
hand, the situation of high-pressure sputtering is close to 
that of e-beam evaporation which involves no ion bom- 
bardments at all, and reasonably large grains or domains in 
the film are expected. Experiments with TEM and SEM 
need 1:o be done to examine and to determine the size of 
grains and domains. 
The underlayer coating had an interesting effect on the 
Kerr ellipticity. As shown in Fig. 16, the Kerr ellipticity of 
sputtered sample S-I-1 without underlayer coating is posi- 
tive while the Kerr ellipticity of sputtered sample S-I-2 
0.4 - Ar Pressure mtorr = 2.5 
- - Ar Pressure = 5.0 mtorr 
- - - Ar Pressure = 8.5 mtorr 
h 0.1 --.>-4<->--- A.- - -_.- 
s 
Sample structure: Co(3)/Pt(l6)x16 
0.0 - 
3000 4000 5000 6000 7000 8000 
Wavelength in Angstroms 
FIG. 14. Sputtering pressure effect. The Kerr rotations of sputtered sam- FIG. 16. Underlayer effect on the sign of the Kerr ellipticity. The Kerr 
ples S-II- 1, S-11-2, and S-11-3. ellipticity of sputtered samples S-I-1 and S-I-2. 
Os4r-----l 
-:,i <mt or r 1 
-8 0 8 
Sputtered 6 
-8 0 8 
Sputtered 7 
0.4 )I 
o.ol ,/77------j 
-0.4 
-8 
8.5 mtorr 
0 8 
with an underlayer of 300 A Pt is negative. As a matter of 
FIG. 15. Sputtering pressure 
effect. MO hysteresis loops 
of sputtered samples S-II-l, 
S-11-2, and S-11-3. The x 
axes are magnetic fields in 
kG; the y axes are Kerr ro- 
tations in degrees. The struc- 
ture of the samples is Co(3 
A)/Pt( 16 A) x 16. 
fact, all sputtered samples with underlayer coatings in this 
experiment had negative Kerr ellipticities. Since the films 
are not optically thick, the Pt underlayer plays a part of 
reflector and will have some effect on the MOKE, but the 
detail of the phenomenon is not clear. The substrate tem- 
perature was also varied from room temperature (25 “C) 
to 150 “C as a parameter, but no significant changes were 
found in the MOKE. 
The reflectance R and optical constants n and k (n: 
refractive index and k: extinction coefficient) of the sam- 
ples were determined from the measured ellipsometric 
data, and the results for evaporated samples in group E-II 
are shown in Fig. 17. The optical constants n and k of bulk 
Co and Pt are also plotted in the same figure for compar- 
ison.16 As expected, the optical constants of the films are 
similar to those of bulk Co or Pt. Reflectances R, optical 
0.20 
h 
- without underlayer 
- - 
a 
with underlayer Pt(300) 
iz& 0.12 
4 
.z 0.04 
.Z” 
:tj.-0.04 
1 
w 
$ -0.12 
b4 
-0.20 
\ 
\ __-- ___------*._ \ --- - - >ample structure: Co(3)/Pt(lO)x23 
3000 4000 5000 6000 7000 8000 
Wavelength in Angstroms 
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constants n, and k of samples in evaporated sample groups 
E-I, E-III, and sputtered samples are very close to those of 
samples E-II-3 and E-11-4. Sample E-II-l has a fairly low 
reflectance (0.35-0.5). But because of its large Kerr rota- 
tion (0.39, a respectable figure of merit R( ~9~)~ can still be 
expected, as shown in Fig. 18. 
IV. CONCLUSION 
We have shown that Co/Pt compositionally modu- 
lated films on glass substrates made by electron beam evap- 
oration at room temperature and by sputtering at various 
substrate temperatures and sputtering pressures are prom- 
ising materials for MO recording. The Co/Pt films have 
both perpendicular magnetic anisotropy and a large Kerr 
rotation for a Co layer thickness of about 3 A, Pt layers of 
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FIG. 17. (a) Index of refraction n, (b) extinction coefficient k, and (c) 
reflectance of samples in sample group E-II. 1: bulk Pt; 2: bulk Co; 3: 
sample E-II-l; 4: sample E-H-2; 5: sample E-H-3; 6: sample E-H-4. See 
Table I for the structures of these samples. 
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FIG. 18. Figures of merit R(!$ of evaporated samples in sample group 
E-H. 
about 10-A thickness, and total thicknesses of the films of 
no greater than 300 A. For most of the samples, the Kerr 
rotations are modest (0.1”-0.2”) in the long wavelength 
range, but they reach maxima of O#-O.S’ at short wave- 
lengths. The reflectances of the samples were estimated to 
be fairly high at long wavelengths (70%-80% ). Therefore, 
the figure of merit is still respectable, although the Kerr 
rotations are not especially large over the long wavelength 
spectral range. X-ray diffraction revealed that the inter- 
layer structure between the Co and Pt layers is an alloy of 
either CoPt or CoPt,, depending upon the Co-to-Pt layer 
thickness ratio. For the layer thickness ratio less than 1:3, 
it is most likely that the compound CoPt, is formed. It is 
also found that the number of bilayers affects the coerciv- 
ity. The more layers in the films, the higher the coercivity. 
The sputtering pressure had a great effect on the MOKE, 
especially the MO hysteresis loops. The bombardments of 
Ar ions on the film surface may change the grain/domain 
size and shape, thus changing the coercivity of the film. 
The substrate temperature in the range from room temper- 
ature to 150 “C had no effect on the MOKE. Comparison 
of electron-beam evaporation method with sputtering dep- 
osition method showed that different MO properties of 
films will be expected for the same nominal structure. 
There are still open questions concerning the physics of 
the Co/Pt layered systems, especially the roles played by 
Co and Pt chemistry and microstructure in the interlayers. 
Also, the coercivity correlated to the number/nature of the 
interfaces of the Co and Pt layers need further investiga- 
tions. Because both Co and Pt are very stable metals, MO 
properties of our samples have not changed over a period 
of about three months, while exposed to laboratory atmo- 
sphere. 
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